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Abstract
FISHERIES ECOLOGY IN THE INTERFACE ZONE
OF LAKE NABUGABO
Eliezer M. Kateyo
Makerere University Institute of Environment and Natural Resources, POBox 7298; Tel. 041-
530135/533462; E-mail: muienr@muienr.mak.ac.ug
Introduction
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This study was carried out in the interface zone of Lake Nabugabo, which is situated to the
west of Lake Victoria. Four study sites were chosen from the south-western to the eastern ends
of the euhydrophyte-dominated interface zone, which was about 10 km long, 10 to 50 m wide,
2 m deep and characterized by a thick layer of peat at the bottom. Nymphaea caerulea was
the most dominant and widespread euhydrophyte species except in the eastern tip of the lake
where it was replaced by Nymphaea lotus. Interspersed among these lilies was Ceratophyllum
demersum in certain bays which were thought to be either water inlets or out-flows; Utricularia
and Nymphoides indica were associated with monospecific stand of N. caerulea in the south-
western end of the zone.
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The microinvertebrates were dominated by Copepoda (represented mainly by Cyclopoida), and
Rotifera, with Cladocera occurring sporadically, while the macroinvertebrates were rypresented
by Mollusca, Acarina, and seven insect orders of which Diptera (represented by Chironomidae)
was the most dominant and widespread. Snails were found to have increased in abundance
and distribution since the early 1960's. Nymphaea-Ceratophyllum mixed habitats had far
more larval fishes and macroinvertebrates than monospecific stands of N. caerulea. Generally,
the eastern end of the interface zone had more macroinvertebrates and larval fishes than the
south-western end. Foo.d habits of larval fishes were dominated by chironomid larvae; others
consumed included detritus, aufwuchs and, periodically, cladocerans.
Lake Nabugabo is a small oval-shaped body of water off the western shores
of Lake Victoria. It is believed to have been a bay of Lake Victoria into which
River Juma flowed (Cambridge Nabugabo Biological Survey, 1962). According
to this Survey and other research (Greenwood, 1965; Beadle, 1981) the process
of cutting it off from Lake Victoria by two longshore sand bars and one sandy
spit started during the Pleistocene Period about 4000 years ago. Following this
separation there occurred tectonic movements that resulted into Lake Victoria
level changes leaving a separated body of water at a slightly higher level. The
sand bars were then vegetated to form 'patches of tropical forest and grassy
munities in northern
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s w a m p s . U n d e r n e a t h a n d t h r o u g h t h e s e s a n d b a r s t h e r e i s a n u n d e r g r o u n d
s e e p a g e o f w a t e r f r o m L a k e N a b u g a b o o v e r a b r o a d f r o n t i n t h e e a s t i n t o L a k e
V i c t o r i a w h i c h i s s l i g h t l y a t a l o w e r l e v e l ; t h e r e i s n o s u r f a c e o u t f l o w f r o m
L a k e N a b u g a b o . T h e m a i n a x i s i s a b o u t 8 k m a n d t h e w i d t h a b o u t 5 k m ; t h e
s u r f a c e a r e a i s a p p r o x i m a t e l y 2 5 k m
2
w h i l e t h e m a x i m u m d e p t h i s a r o u n d 5 m
( G r e e n w o o d , 1 9 6 5 ; B e a d l e , 1 9 8 1 ) . T h e l a k e i s s u r r o u n d e d b y a s w a m p f o r 2 / 3
o f i t s m a r g i n w h i l e t h e r e m a i n i n g 1 / 3 o n t h e w e s t e r n s i d e b o r d e r s r e m n a n t s o f
a t r o p i c a l r a i n f o r e s t ; h e r e t h e s h o r e l i n e v a r i e s w i t h b o t h g e n t l y s l o p i n g s a n d y
b e a c h e s ( s u i t a b l e f o r s w i m m i n g ) a n d v e r y s t e e p r o c k y c l i f f s .
T h e i n t e r f a c e z o n e i s t h e t r a n s i t i o n a l a r e a b e t w e e n t h e e m e r g e n t s w a m p a n d
t h e o p e n w a t e r , u s e d b y s w a m p s f o r t h e i r f o r w a r d e x t e n s i o n i n t o t h e o p e n l a k e
i f t h e r e a r e n o s t r o n g w a v e s t o s t o p t h i s d e v e l o p m e n t . I n L a k e N a b u g a b o , i t
c o n s i s t s o f f 1 o a t i n g - l e a v e d b u t r o o t e d w a t e r l i l i e s ( N y m p h a e a ) , s u b m e r g e d a n d
r o o t e d w e e d s s u c h a s C e r a t o p h y l l u m , a n d P o t a m o g e t o n , a n d a n i n s e c t i v o r o u s
p l a n t ( U t r i c u l a r i a ) . I t i s s o m e t i m e s c a l l e d u n s h a d e d s w a m p b e c a u s e i t i s w e l l
e x p o s e d t o t h e s u n a n d d i s s o l v e d o x y g e n i s a b u n d a n t , s o m e t i m e s r e a c h i n g
s u p e r s a t u r a t i o n l e v e l s d u e t o i n t e n s e u n d e r w a t e r p h o t o s y n t h e s i s . T h i s r a t h e r
n a r r o w b a n d o f c a l m , w e l l - a e r a t e d a n d n u t r i e n t r i c h w a t e r i s o f g r e a t e c o l o g i c a l
i m p o r t a n c e a s i t s u p p o r t s a l a r g e i n v e r t e b r a t e f a u n a a n d i s t h e f e e d i n g g r o u n d o f
m a n y f i s h , e s p e c i a l l y t h e y o u n g a n d g r o w i n g s t a g e s w h i c h a l s o f i n d p r o t e c t i o n
f r o m p r e d a t o r s a m o n g t h e s u b m e r g e d v e g e t a t i o n .
E c o l o g y i s d e f i n e d a s t h e s t u d y o f o r g a n i s m s i n r e l a t i o n t o t h e i r e n v i r o n m e n t
a n d , t h e r e f o r e , t h e u n d e r s t a n d i n g o f t h e e n v i r o n m e n t a l f a c t o r s t h a t i n f l u e n c e ,
i n a p r e d i c t a b l e w a y , t h e n u m b e r o f o f f s p r i n g t h a t a n i n d i v i d u a l p r o d u c e s i n
i t s l i f e t i m e ( i . e . r e p r o d u c t i v e s u c c e s s ) i s p a r a m o u n t . P r e d a t o r - p r e y , i n t e r - a n d
i n t r a - r e l a t i o n s h i p s s h o u l d b e u n d e r s t o o d b u t t h e y a r e s e c o n d a r y t o r e p r o d u c t i v e
s u c c e s s . E c o l o g i s t s a r e c o n c e r n e d w i t h w h a t c a u s e s f l u c t u a t i o n s i n a b u n d a n c e s
o f p o p u l a t i o n s , a n d f a c t o r s t h a t d e t e r m i n e s p e c i e s o c c u r r e n c e s a n d d i v e r s i t i e s
i n c e r t a i n h a b i t a t s .
T h e f i s h e r i e s e c o l o g y o f t h e i n t e r f a c e z o n e o f L a k e N a b u g a b o i s e x a m i n e d
f r o m t h e p o i n t o f v i e w o f t h e n u t r i e n t s t a t u s , e u h y d r o p h y t e s , a n d f o o d h a b i t s . I t
c o n c e n t r a t e s o n f i s h l a r v a e , w h i c h u s e t h e i n t e r f a c e z o n e a s t h e i r n u r s e r y / f e e d i n g
g r o u n d a n d a l s o a s t h e i r r e f u g e a r e a f r o m p r e d a t o r s . I t h a s b e e n o b s e r v e d t h a t
t h e e u h y d r o p h y t e i n t e r f a c e z o n e b e t w e e n t h e f r i n g e s o f s w a m p s a n d o p e n w a t e r
a c t s a s a n u t r i e n t t r a p a n d r e g u l a t e s t h e i r t r a n s f e r f r o m t h e s w a m p t o t h e o p e n
w a t e r ( D e n n y , 1 9 8 5 ; W h i g h a m , e t a l . , 1 9 9 3 ) . I t i s t h e r e f o r e s u p p o s e d t o b e r i c h i n
n u t r i e n t s . W h e n t h e m a c r o p h y t e s d i e a n d d e c o m p o s e t h e n u t r i e n t s g e t r e l e a s e d
b a c k i n t o t h e w a t l
r e a d i l y m e t a b o l i z e e
b y z o o p l a n k t o n . r
t h i s h a b i t a t f o r t h e
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h a b i t a t f o r f i s h ( D e l
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f e e d i n g e n v i r o n m e l
i s v e r y u s e f u l i n t h
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Nabugabo is examined
hytes, and food habits. It
~ as their nursery/feeding
t has been observed that
oswamps and open water
1 the swamp to the open
ore supposed to be rich in
the nutrients get released
back into the water. Organic matter leached from decaying macrophytes is
readily metabolized by bacteria (Carpenter and Adams, 1979) may be consumed
by zooplankton. This calls for nutrient monitoring so that the suitability of
this habitat for the survival of animals can be assessed, particularly in Lake
Nabugabo, which is largely surrounded by extensive swamps that might be
influencing nutrient availability in the euhydrophyte interface zone.
Knowledge about aquatic macrophytes is essential for the studies of epiphytic
invertebrates (Downing and Cyr, 1985) which form fish food sources in lakes
(Laughlin and Werner, 1980; Downing and Cyr, 1985) and provide an important
habitat for fish (Denny, 1985; Randall et al., 1996) in terms of protection cover
from predators and, by harbouring a rich invertebrate fauna and a productive
feeding environment. The study of the fish stomach contents or diet analysis
is very useful in the understanding of the food webs of fish in their habitats
(Amundsen, et al., 1996). In field studies, analysis of stomach contents is
often the only available means of accessing information on feeding ecology.
In this lake, detailed fisheries studies can be traced from the early 1960s when
Cambridge Nabugabo Expedition/Survey took place; about 22 species of fish
were recorded but reduced to about 7 by 1991 by the Nile perch which was
introduced into the lake at the beginning of the 1960s (Ogutu-Ohwayo; pers.
com). Greenwood, 1965 recorded six species of Haplochromis of which five
were endemic in the lake.
Materials and Methods
Study Area
Rainfall run-offs flow down into swamp- filled valleys and either diffuse directly
into the lake or join the rivers flowing into it. Underground water movement
accounts for a considerable inflow as shown by numerous water springs dotted
all over !he western shore. The country rock to the west of Lake Nabugabo
is deeply weathered and the soils are very old with a low salt content; all the
feldspars and other readily soluble minerals were weathered and leached many
years ago (Cambridge Nabugabo Biological Survey, 1962).
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F i g 1 : E u h y d r o p h y t e Z o n e i n L a k e N a b u g a b o
S a m p l i n g s i t e s
S a m p l e s a t e a c h o f t h e s t r a t a w e r e r a n d o m l y t a k e n o n c e a m o n t h f o r a p e r i o d o f
s i x t e e n ( S i t e 4 ) a n d t w e n t y - f i v e ( S i t e s 2 a n d 3 ) m o n t h s f r o m M a y 1 9 9 4 t o M a y
1 9 9 6 . O n e v e r y v i s
w a t e r t e m p e r a t u r e a J
c o n d u c t i v i t y , m e a s u
a t t w o d e p t h l e v e l s ,
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M a c r o i n v e r t e b r a t e
m a c r o p h y t e s u s i n g a
o f f i v e s i d e s (leadin~
e a c h = 1 4 c m ) a n d
B a i l e y a n d C h u r c h f i
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e u h y d r o p h y t e s f o r m
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p i e c e s o f b r o k e n p l a r
. . a n d t a k e n t o t h e l a b a
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: - -
~ -
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F r o m a p i l o t s u r v e y i t w a s q u i t e e v i d e n t t h a t t h e r e w e r e d i f f e r e n c e s i n t h e s p a t i a l
d i s t r i b u t i o n o f t h e e u h y d r o p h y t e s p e c i e s i n t h e l a k e . S e c o n d l y , i t w a s f o u n d o u t
t h a t f i s h e r m e n p r e f e r r e d c e r t a i n a r e a s t o o t h e r s ; i n f a c t t h e r e w e r e a r e a s n o t
f i s h e d a t a l l . W i t h t h e a b o v e b a c k g r o u n d i n f o r m a t i o n a s t r a t i f i e d r a n d o m m e t h o d
f o r m e d t h e b a s i s o f s e l e c t i n g f o u r s a m p l i n g s i t e s o r s t r a t a ( F i g . 1 ) t o c a t e r f o r
t h e s e d i f f e r e n c e s a n d m a k e d a t a a n a l y s i s s t a t i s t i c a l l y a c c e p t a b l e : g e n e r a l l y ,
s t r a t u m / s i t e 1 w a s N y m p h a e a c a e r u l e a d o m i n a t e d a n d h a r d l y f i s h e d ; s t r a t u m 2
h a d a m i x t u r e o f N . c a e r u l e a a n d C e r a t o p h y l l u m , d e m e r s u m , a n d s o m e f i s h i n g
a c t i v i t y ; s t r a t u m 3 w a s s i m i l a r t o s t r a t u m 2 a p a r t f r o m a n a p p a r e n t i n c r e a s e i n
t h e a m o u n t o f C . d e m e r s u m , a n d t o o m a n y f i s h n e t s ; s t r a t u m 4 w a s f o u n d t o
h a v e a d i f f e r e n t s p e c i e s o f t h e l i l i e s ( N y m p h a e a l o t u s ) b u t w a s a l m o s t s i m i l a r t o
s t r a t u m 3 b y h a v i n g a l o t o f C . d e m e r s u m a n d t o o m u c h f i s h i n g a c t i v i t y .
L
3 4 ·
T h e N a b u g a b o R a m s a r S i t e
T h e N a b u g a b o R a m s a r S i t e
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The collected macrophytes were thoroughly washed and visually checked to
• • ,l
make sure that all the associated macroinvertebrates and fish were rec·overed.
Afterremoving the animals from the euhydrophytesinto the basin, the .water
was then filtered through the pond-net and the retained animals together with
pieces of broken plants put in a sample bottle, preserved with 10 % formalin
and taken to the laboratory where all the organisms visible to the naked eye
Macroinvertebrate and fish samples were taken concurrently from the
macrophytes using a pond-net of 500 /lm mesh size mounted on a metal' frame
offive sides (leading edge = 23 cm, two sides each = 18 cm, two trailing sides
each = 14 cm) and then fixed on 1.15 m long wooden handle according to
Bailey and Churchfield, 1978. This was the sampling instrument suitable to
use in the euhydrophyte zone of Lake Nabugabo due to the high density of
euhydrophytes formed by the floating-leaved lilies, and submerged coon-tail.
The sampling in the euhydrophytes was done randomly by standing at the rear
end of a wooden cano~ rather than wading through the euhydrophytes because
ofdeep water and soft peat bottom; it was found much easier to manoeuvre the
canoe through the macrophytes using the rear as the leading edge. Furthermore,
this procedure seemed to make fewer disturbances in the water before taking
a sample. With an assistant rowing the boat, the sampler was swiftly pushed
underneath the macrophytes and raise it out of water with some plants. Plants
overhanging the sampler were trimmed and only those within the net put in
a basin containing water. The boat was steered in any direction and 10 to 50
samples randomly collected depending on the density of the macrophytes:
ten samples were collected from densely distributed macrophytes while fifty
samples from the sparsely distributed ones.
1996. On every visit, three physical-chemical parameters (dissolved oxygen,
water temperature and electrical conductivity) were measured but only electrical
conductivity, measured in situ using a Hach conductivity meter (Model 44600)
at two depth levels of surface and 1.0 m, is reported in this paper.
Zooplankton samples were taken from two depth levels from all the offshore
sub-sites, and from the surface waters in the euhydrophyte sub-sites; plankton
samples from 1.0 m depth in the euhydrophytes could not be obtained due
to lots of partially decomposed leaves, and humic substances, which would
clog the plankton net and prevent water filtration. Three sub-samples of 1 mm3
each were counted under an inverted microscope and an average calculated per
litre. The purpose of this treatment was to assess the relative abundances of
zooplankton in the study area.
rIth for a period of
May 1994 to May
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re were areas not
:d random method
iig. 1) to cater for
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r fished; stratum 2
and some fishing
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n 4 was found to
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w e r e r e c o v e r e d , s o r t e d o r c l a s s i f i e d a n d c o u n t e d . T h e n u m b e r s w e r e r e c o r d e d
a s p e r 1 0 0 n e t s a m p l e s o r s c o o p s b e c a u s e m a n y t a x a w e r e r e p r e s e n t e d b y v e r y
f e w i n d i v i d u a l s .
A c o m b i n a t i o n o f t h e o c c u r r e n c e a n d s u b j e c t i v e m e t h o d s o f g u t c o n t e n t a n a l y s i s
w a s a p p l i e d i n t h i s s t u d y ; t h e c o n t e n t s w e r e p l a c e d i n t o b r o a d c a t e g o r i e s s u c h a s
a l g a e , z o o p l a n k t o n , d e t r i t u s , f i s h , c h i r o n o m i d s , a n d o t h e r m a c r o i n v e r t e b r a t e s .
T h e a i m w a s t o a s s e s s t h e f e e d i n g h a b i t s o f t h e f i s h s u c h a s a l g a l f e e d e r s r a t h e r
t h a n s p e c i f i c f o o d h a b i t s w h i c h w o u l d r e q u i r e t h e i d e n t i f i c a t i o n o f e a c h f o o d
i t e m a l t h o u g h t h i s c o u l d n o t b e a v o i d e d i n s o m e c a s e s .
S a m p l e c o u n t s o f m a c r o i n v e r t e b r a t e s a n d f i s h w e r e l o g a r i t h m i c a l l y t r a n s f o r m e d
t o n o r m a l i z e t h e m s o t h a t t h e s t a t i s t i c a l r e q u i r e m e n t s o f a p p l y i n g t h e a n a l y s i s o f
v a r i a n c e ( A N O V A ) a n d S t u d e n t ' s t - t e s t w e r e f u l f i l l e d ; t h e t r a n s f o r m a t i o n s u s e d
w e r e 1 0 g
l o
x w h e r e t h e r e w e r e n o z e r o c o u n t s , a n d 1 0 g
l o
( x + 1 ) w h e r e t h e r e w e r e
z e r o c o u n t s ( E l l i o t , 1 9 9 3 ) . T h e s e t r a n s f o r m a t i o n s n o r m a l i z e d t h e v a r i a n c e s ,
w h i c h t e n d e d t o b e h i g h e r t h a n t h e m e a n s i n m o s t c a s e s , b e f o r e c o u n t s f r o m t h e
v a r i o u s s i t e s c o u l d b e c o m p a r e d .
E u h y d r o p h y t e
I
0 . 0 r
R e s u l t s
C o n d u c t i v i t y
1 2 8 . 7 ± 5 . 0
2 2 9 . 2 ± 5 . 1
3 2 8 . 0 ± 4 . 1
4 2 6 . 2 ±3.~
T h e r e s u l t s o j
e u h y d r o p h y t e
s h o w n i n T a b l ,
e u h y d r o p h y t e
O c t o b e r 1 9 9 4 ,
l o w e s t v a l u e s '
T h e e l e c t r o l y t i 4
c o n d u c t a n c e , i s
c a r r i e d b y inor~
C a + + , M g + + , F
H a c h C o m p a n y ,
m a r i n e w a t e r s ( F
( B e a d l e , 1 9 8 1 )
H o w e v e r , n o t a l l
c o n d u c t i v i t y i s
a q u a t i c e c o s y s t €
b u t m e a s u r e s t h
T a b l e 1 . A v e r a g e "
H o w e v e r , t h e a
m d e e p , a n d a r r
l a k e . A c o m p a r
o n e h a n d , a n d 1
a r e n o t statistic~
a v e r a g e e l e c t r i c
w i t h i n t h e m a c r
T h e N a b u g a b o R a m s ,
T h e N a b u g a b o R a m s a r S i t e
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F o r e a c h f i s h t h e f o o d c a t e g o r y w a s r e c o r d e d a n d a p o i n t s y s t e m u s e d t o a s s i g n i t
a n i m p o r t a n c e v a l u e b a s e d o n i t s c o n t r i b u t i o n t o t h e t o t a l d i e t b u l k ; t h e c a t e g o r y
c o n t r i b u t i n g t h e - . b i g g e s t p o r t i o n w a s g i v e n 5 p o i n t s , a n d t h o s e c o n t r i b u t i n g l e s s
w e r e g i v e n 2 p o i n t s a n d 1 p o i n t . T h i s p o i n t s y s t e m w a s u s e d i n c a l c u l a t i n g
t h e p e r c e n t a g e a b u n d a n c e a c c o r d i n g t o H i c k l e y a n d B a i l e y ( 1 9 8 7 ) . A l s o t h e
n u m b e r o f s t o m a c h s c o n t a i n i n g a c e r t a i n f o o d i t e m o r c a t e g o r y w a s r e c o r d e d
f o r t h e c a l c u l a t i o n o f p e r c e n t a g e o c c u r r e n c e .
T h e f o o d o r g a n i s m s o f t h e f i s h o f L a k e N a b u g a b o w e r e a s s e s s e d b y e x a m i n i n g
t h e g u t c o n t e n t s o f t h e f i s h w h i c h h a d b e e n l a r g e l y s a m p l e d s i m u l t a n e o u s l y
w i t h t h e m a c r o i n v e r t e b r a t e s u s i n g t h e p o n d n e t . T h e p r e s e r v e d s p e c i m e n s
w e r e r a n d o m l y s e l e c t e d , b u t e a c h o n e w a s r e c o r d e d a s e i t h e r h a p l o c h r o m i n e o r
t i l a p i i n e . T h e c o n t e n t s o f t h e s t o m a c h o r t h e m a i n s t r a i g h t s e c t i o n o f t h e f o r e g u t
w a s r e m o v e d f o r t h e g u t c o n t e n t a n a l y s i s . E a c h f i s h w a s m e a s u r e d f o r i t s t o t a l
a n d s t a n d a r d l e n g t h s a f t e r w h i c h t h e g u t w a s t h e n r e m o v e d , p u t o n a s l i d e
a n d o p e n e d . A d r o p o f w a t e r w a s t h e n a d d e d a n d t h e c o n t e n t s s p r e a d o u t a n d
e x a m i n e d w i t h t h e a i d o f a d i s s e c t i n g b i n o c u l a r m i c r o s c o p e , w i t h m a g n i f i c a t i o n
o f x 1 8 , x 5 0 a n d x l 0 0 . T h e g u t c o n t e n t s o n t h e s l i d e w o u l d b e s u b - s a m p l e d a n d
e x a m i n e d w i t h a m o r e p o w e r f u l b i n o c u l a r m i c r o s c o p e a t a m a g n i f i c a t i o n o f
x 4 0 0 i n o r d e r t o i d e n t i f y t h e s m a l l e s t d i e t i t e m s .
LUmbers were recorded
~re represented by very
Results
Conductivity
ithmically transformed
ipplying the analysis of
le transformations used
x + 1) where there were
malized the variances,
before counts from the
The results of the electrical conductivity from the four strata, both in the
euhydrophyte zone and about 100 m from this zone in the open lake, are
shown in Table 1. The highest values recorded in the surface water within the
euhydrophyte zone at 1, 2, 3 and 4 were 37.9, 39.6, 38.2 and 30.2 /lS/cm in
October 1994, for the first three sites, and July 1995 for Site 4. The corresponding
lowest values were 17.8, 19.3, 19.0 and 20.1 /lS/cm in May 1996.
Table 1. Average water conductivity at various sites and depths (mean, SD, & No. of samples)
However, the average water electrical conductivity both at the surface and 1.0
m deep, and amolJ.g the sites, shows that the water was uniformly mixed in the
lake. A comparison of the means (surface, euhydrophytes) for Sites 1 and 2 on
one hand, and 1 and 4 on the other using a Student-t test shows that the results
are not statistically significant, t = OJ77 and 0.898 (p > 0.05), respectively. The
average electrical conductivity was the same in both the offshore water and
within the macrophytes at the surface and 1.0 m deep.
Euhydrophyte sites Offshore sites
O.Om 1.0 m O.Om 1.0 m
1 28.7±5.0 (26) 28.2 ±5.2 (26) 1 28.7 ±5.2 (23) 25.9 ±3.2 (14)
2 29.2 ±5.1 (26) 28.9 ±5.4 (26) 2 25.9 ±3.3 (14) 25.7 ±3.5 (14)
3 28.0 ±4.1 (20) 28.0 ± 4.1 (20) 3 ---- .. - ------
4 26.2 ±3.8 (14) 26.5 ± 3.9 (14) 4 26.0 ±3.6 (14) 25.4 ±3.5 (14)
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The electrolytic conductivity, commonly called electrical conductivity or
conductance, is the ability of a sol,ution to pass an electric current which is
carried by inorganic dissolved solids, such as CI-, N03-, S04--' P04-- -, Na+,
Ca++, Mg++, Fe++ and so on, that is, ionised dissolved solids (Beadle, 1981;
Hach Company, 1989). These are the most conspicuous ions in the inland or
marine waters (Reid and Wood, 1976) and conventionally referred to as nutrients
(Beadle, 1981) the adequate supply of which is essential for plant growth.
However, not all dissolved solids are plant nutrients. A measurement ofelectrical
conductivity is one of the ways of assessing indirectly plant nutrients in the
aquatic ecosystem. Unfortunately the conductivity probe is not ion-selective
but measures the sum total of the concentrations of the inorganic components
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o f t h e s o l u t i o n ( H a c h C o m p a n y , 1 9 8 9 ) , a n d a s s u c h o n e c a n n o t m o n i t o r s p e c i f i c
n u t r i e n t ( s ) i n t h e a q u a t i c e c o s y s t e m u s i n g a c o n d u c t i v i t y m e t e r .
T h e t o t a l a n i o n a n d c a t i o n c o n t e n t o f L a k e N a b u g a b o i n 1 9 6 7 w a s 0 . 1 9 9 a n d
0 . 1 9 8 ; t h a t o f V i c t o r i a w a s 1 . 0 5 a n d 1 . 0 2 m e q / l , r e s p e c t i v e l y ) ; t h e e l e c t r i c a l
c o n d u c t i v i t y o f t h e t w o l a k e s w a s 2 5 a n d 9 6 I l S / c m r e s p e c t i v e l y ( B e a d l e , 1 9 8 1 ) .
T h i s g i v e s f i v e t i m e s m o r e d i s s o l v e d i o n i c s u b s t a n c e s i n L a k e V i c t o r i a t h a n
N a b u g a b o a l t h o u g h t h e t w o l a k e s w e r e o n e b o d y o f w a t e r 4 0 0 0 y e a r s a g o .
T h e l o w i o n i c c o n t e n t o f L a k e N a b u g a b o h a s b e e n a t t r i b u t e d t o t w o f a c t o r s :
n u t r i e n t - d e f i c i e n t c a t c h m e n t a r e a a n d e x t e n s i v e s w a m p s a r o u n d m u c h o f t h e
l a k e ( C a m b r i d g e N a b u g a b o B i o l o g i c a l S u r v e y , 1 9 0 6 2 ) . A c c o r d i n g t o t h e s u r v e y ,
t h e c o u n t r y r o c k t o t h e w e s t o f t h e l a k e w a s a n e x t r e m e l y a n c i e n t a n d m u c h
m e t a m o r p h o s e d l a t e r i t e f r o m w h i c h a l l t h e f e l d s p a r s a n d r e a d i l y s o l u b l e m i n e r a l s
h a d b e e n w e a t h e r e d m a n y y e a r s a g o , a n d t h i s w a s s u g g e s t e d t o b e t h e c a u s e f o r
t h e l o w s a l t c o n t e n t o f L a k e N a b u g a b o . A n u m b e r o f r e s e a r c h e r s b e l i e v e t h a t
t h e l o w e l e c t r i c a l c o n d u c t i v i t y i s d u e t o l o w q u a n t i t i e s o f c a t i o n s b u t t h e a n i o n s ,
p a r t i c u l a r l y t h o s e f o r m i n g p l a n t n u t r i e n t s , s u c h n i t r a t e s a n d p h o s p h a t e s , o c c u r
i n r e a s o n a b l e q u a n t i t i e s ( O k o t - O k u m u ; p e r . c o m ) .
E u h y d r o p h y t e s
T h e e u h y d r o p h y t e s i n t h e i n t e r f a c e z o n e a l o n g t h e b o u n d a r y o f " M i s c a n t h i d i u m
- S p h a g n u m s w a m p " o n t h e s o u t h e r n a n d e a s t e r n s h o r e s o f t h e L a k e i n c l u d e
t h r e e s p e c i e s o f t h e w a t e r l i l i e s , n a m e l y , N y m p h a e a l o t u s , N y m p h a e a c a e r u l e a ,
a n d N y m ] J ; h o i d e s i n d i c a ; o n e s p e c i e s o f t h e c o o n - t a i l ( C e r a t o p h y l u m d e m e r s u m )
a n d t h e b l a d d e r - w o r t ( U t r i c u l a r i a s p ) .
T h e w a t e r l i l i e s i n L a k e N a b u g a b o h a d a w e l l - d e f i n e d s p a t i a l d i s t r i b u t i o n : N .
c a e r u l e a w a s w i d e l y d i s t r i b u t e d o c c u r r i n g i n a 1 0 t o 5 0 m w i d e c o n t i n u o u s
s t r i p a l o n g t h e s o u t h e r n a n d s o u t h e a s t e r n e u l i t t o r a l z o n e . A s s o c i a t e d w i t h N .
c a e r u l e a w a s N y m p h o i d e s i n d i c a i n t h r e e s m a l l p a t c h e s o f a b o u t 0 . 2 5 K m 2 e a c h
t o w a r d s t h e s o u t h e r n t i p o f t h e s t r i p . O n t h e o t h e r h a n d , N . l o t u s w a s c o n f i n e d
t o t h e b i g b a y / i n l e t i n t h e e a s t e r n t i p o f t h e l a k e . C e r a t o p h y l l u m d e m e r s u m i n
L a k e N a b u g a b o i s a s u b m e r g e d , m a s s i v e a n d r o o t l e s s f r e e - f l o a t i n g m a c r o p h y t e
d i s t r i b u t e d , t o g e t h e r w i t h V o s s i a c u s p i d a t a , a n d C y p e r u s l a t i / o l i a , i n c e r t a i n
s h e l t e r e d i n l e t s . A t l o w l a k e l e v e l s C . d e m e r s u m w a s v i s i b l e j u s t b e l o w t h e
w a t e r s u r f a c e b u t a t h i g h l e v e l s i t c o u l d n o t e a s i l y b e s e e n d u e t o m o r e b r o w n
w a t e r s u b m e r g i n g i t . I t w a s n o r m a l l y e n c r u s t e d b y b r o w n h u m i c s u b s t a n c e s .
Z o o p l a n k t o n
T h e m o s t a b u n d a r
i n n u m b e r s o v e r I
s p a t i a l d i f f e r e n c e s
n u m b e r o f c y c l o p c
A s t a t i s t i c a l a n a l y s
i s n o n - s i g n i f i c a n t .
9 0 ( S D ; n = 2 3 ) i n d
r e s u l t s , t = 0 . 1 6 7 ( p
i n t h e l i l i e s e a s t w ,
t = 2 . 3 8 2 ( p < 0 . 0 5
M a n y r e s e a r c h e r s 1
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1 9 9 5 ) . I n p l a n k t i v o
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Zooplankton
The most abundant group of zooplankton was Cyclopoida with little variation
in numbers over much of the study period. However, there tended to be
spatial differences, for instance, sub-sites 1 and 2 had almost the same average
number of cyclopoids, 87 ± 59 and 95 ± 72 (SD; n = 23) per litre respectively.
A statistical analysis comparing these results gives t = 0.098 (p > 0.001) which
is non-significant. Sites 3 and 4 were also similar, having 179 ± 351 and 177 ±
90 (SD; n = 23) individuals per litre respectively, also indicating non-significant
results, t = 0.167 (p > 0.001). The two-fold increase in the number ofcyclopoids
in the lilies eastwards between sub-sites 1 and 4 was statistically significant,
t = 2.382 (p < 0.05).
Many researchers have stressed the importance of zooplankton as food to the
larval fishes (Keast, 1980; Whiteside, et al., 1985; Welker, et al., 1994; and Mol,
1995). In planktivore-plankton interactions, the conventional model states that
when planktivorous fishes occur in a lake, large zooplankters are selectively
removed and smaller ones then dominate (Evans, 1986). This was the case in
Lake Nabugabo where cyclopoid nauplii which were very small were ignored
by larval fishes. On the other hand the adult cyclopoids which were relatively
bigger occurred in less numbers in the euhydrophytes where larval fishes were
exclusively caught than in the open lake.
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M a c r o i n v e r t e b r a t e s
T a b l e 2 . P e r c e n t c o m p o s i t i o n b y n u m b e r o f t h e v a r i o u s t a x a o f t h e m a c r o i n v e r t e b r a t e s i n t h e f o u r
m a c r o p h y t e S i t e s .
a p p e a r a n c e . F i s f
s p e c i m e n s f o r t l
m o s t d o m i n a n t g
F i s h
W i t h r e s p e c t t o f e e d i n g h a b i t s o f l a r v a l f i s h e s , t h e m o s t i m p o r t a n t p r e y
m a c r o i n v e r t e b r a t e s w e r e d i p t e r a n s ( r e p r e s e n t e d b y c h i r o n o m i d s o n l y ) f o l l o w e d
b y E p h e m e r o p t e r a a n d A c a r i n a . T h e s e i n v e r t e b r a t e s w e r e u p t o f i v e t i m e s m o r e
a t S i t e 4 t h a n 1 .
T h e m e t h o d o f n e t - s c o o p i n g p r o d u c e d s a m p l e s o f f i s h o f d i f f e r e n t s i z e s f r o m
v e r y s m a l l a n d y o u n g o n e s , s o m e t i m e s s t i l l c a r r y i n g y o l k s a c s , t o r e l a t i v e l y
b i g o n e s o f u p t o 1 0 c m t o t a l l e n g t h . I t w a s n o t e a s y t o c l a s s i f y t h e l a r v a l
f i s h e s w h i c h w e r e m o r e a b u n d a n t t h a n t h e a d u l t o n e s e x c e p t t o d e n o t e t h e m
a s h a p l o c h r o m i n e s a s i d e n t i f i e d b y t h e i r c t e n o i d s c a l e s o r t i l a p i i n e s w i t h
s m o o t h s c a l e s . T h e p o n d n e t c a t c h e s w e r e d o m i n a t e d b y t h e h a p l o c h r o m i n e s ;
v e r y f e w s p e c i m e n s o f y o u n g N i l e p e r c h ( L a t e s n i l o t i c u s ) a n d t i l a p i i n e s w e r e
c a u g h t . S y n o d o n t i s a f r o - f i s c h e r i c a u g h t w e r e f e w i n d e e d d u e t o t h e i r s e a s o n a l
F r o m b o t h t h e 1
h a p l o c h r o m i n e s 1
e i t h e r e m p t y o r h~
a n a l y s e d . T h e t i l
s u c h t h a t m u c h 0
n e t ; a l t o g e t h e r 7 C
w h i c h 1 5 h a d e m
F o o d h a b i t s offi~
T h e a v e r a g e n U l I
m o r e f i s h a t S i t e ,
a t S i t e s 1 a n d 4 , r
t o t h e c h i r o n o m i
o f f i s h . T h e p r e s
a r c h i t e c t u r e i n a l
f o r t h e b i g n u m b
f i s h w h i c h f e e d 0
d e t r i t a l m a t e r i a l
c h i r o n b m i d s w h i
g e n e r a l l y o c c u m
t h o s e o f t h e c h i r e
m e r g e d e u h y d r o I
f i s h e s f i n d s a f e n
s e e m t o b e i m p o
f i s h e s i n L a k e N a
T h e r e s u l t s b e l o w
e x c e e d e d 5 0 % f O J
f u r t h e r s h o w t h a
w h i c h m e a n t t h :
s t r e n g t h e n e d b y 1
t h e s e c a t e g o r i e s
,
T h e N a b u g a b o R a m s iT h e N a b u g a b o R a m s a r S i t e
4 0
S u b - S i t e s
1 2
3
4
A r t h r o p o d a 9 5 . 7
9 6 . 5 9 5 . 0
9 5 . 2
M o l l u s c a 4 . 3
3 . 5 5 . 0
4 . 8
T o t a l % 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
1 0 0 . 0
A r t h r o p o d a :
I n s e c t a 9 7 . 9 9 9 . 1
9 8 . 4 9 9 . 1
A c a r i n a
2 . 1 0 . 9
1 . 6 0 . 9
T o t a l %
1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
I n s e c t a :
D i p t e r a 5 8 . 3 6 8 . 8 5 9 . 0
6 9 . 8
E p h e m e r o p t e r a
1 8 . 4 2 6 . 5
3 4 )
1 8 . 5
L e p i d o p t e r a 7 . 7
0 . 6
0 . 0 0 . 2
C o l e o p t e r a 6 . 1
0 . 1
0 . 1
1 . 0
O d o n a t ! i
5 . 4 3 . 1
4 . 6
8 . 7
H e m i p t e r a 4 . 1 0 . 8 1 . 0 1 . 7
T r i c h o p t e r a
0 . 0 0 . 0 0 . 6
0 . 2
T o t a l %
1 0 0 . 0
9 9 . 9 1 0 0 . 0 1 0 0 . 1
roinvertebrates in the four
appearance. Fishing with a gill net was also carried out in order to get big fish
specimens for the gut content analyses. Again the haplochromines were the
most dominant group of these samples.
Food habits offish in Nabugabo
The results below on the food habits show that the chironomids whose occurrence
exceeded 50% formed tbe dominant food item for the haplochromines; the results
further show that there was no food item exceeding 50% relative abundance,
which meant that there was no feeding specialization. This observation is
strengthened by the variety of food consumed (11 categories) although many of
these categories can be described as being rare in the diet of these fishes.
From both the pond and gill net samples, 132 out of 162, stomachs of
haplochromines were found with identifiable contents; the remainder were
either empty or had contents well-digested such that they could not be properly
analysed. The tilapiine group was poorly represented in the pond net samples
such that much of the analysis was done on the specimens caught using a gill
net; altogether 70 tilapiine specimens were opened for gut content analysis of
which 15 had empty stomachs.
41The Nabugabo Ramsar Site
The average numbers offish per month showed that there were seventeen times
more fish at Site 4 compared with 1 within the euhydrophytes, from 9 to 155 fish
at Sites 1 and 4, respectively. This was found to be the general trend with respect
to the chironomid larvae, which formed the main food item for all the types
of fish. The presence of Ceratophyllum demersum which has a finely divided
architecture in all the sampling sites except 1 is one of the determinant factors
for the big numbers of the chironomids which in tum attract large numbers of
fish which feed on them. With its finely divided morphology the coon-tail traps
detrital material and consequently forms a good feeding environment for the
chironomids which are in tum fed upon by fish. Peaks offish abundance which
generally occurred between August and November inclusive coincided with
those of the chironomid larvae. Furthermore, the fine architecture of these sub-
merged euhydrophytes creates a favourable environment in which the larval
fishes find safe refuge from predators. Therefore, food availability and refuge
seem to be important factors influencing the spatial distribution of the larval
fishes in Lake Nabugabo.
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Discussion
Explanations for the observed aquatic community patterns require exploration
through studies of the interactions of the species with the limnological,
predator, prey and other variables (Rundle and Jackson, 1996). With reference
to the electrical conductivity of water, it was uniformly distributed throughout
the study area but the observed differences in the spatial distribution of the
euhydrophytes species indicates that there is a difference in the distribution of
plant nutrients. The presence of Vossia, Ceratophllum and Nymphaea lotus in
certain areas indicates availability of relatively more plant nutrients since these
plants are known to be high-nutrient demanding plants. The observed community
patterns in Lake Nabugabo included specific spatial or horizontal distribution
of the invertebrate and fish abundances increasing eastwards from Site 1 to 4
as follows: chironomids (six-fold), Ephemeroptera (five-fold ), Odonata (nine-
fold), Mollusca (six-fold) and fish (seventeen-fold); the Lepidoptera were the
exception. .
The chironomids are an ecologically diverse group, opportunistic omnivores,
most widely distributed and frequently the most abundant insects In freshwater;
being benthic and phytophilous, their micro-distribution is influenced by
such factors as plant morphology and oxygen concentration in the sediment
(Armitage, et al., 1995). Chironomids are known to ingest five categories of
food: algae, detritus and associated micro organisms, macrophytes, woody
debris and even' other invertebrates. These food types were exp~cted to be more
abundant in the humic-detritus-covered, submerged coon-tail (Ceratophyllum
demersum) which was abundant at Sites 2, 3 and 4. Although chironomids can
be found in habitats ofvery low oxygen concentration, they can not tolerate long
periods of anoxia (Armitage, et al., 1995) and this may explain why there are
hardly any of them in the sediments within the macrophytes of Lake Nabugabo
(pers.obs; Efitire, pers. com.).
The Ephemeroptera larvae also exhibited differences in their spatial distribution,
which may have been related to the food types on which they fed. According to
Wetzel, 1983 the Ephemeroptera larvae can be classified as herbivore-detritivore
because they feed on living algal cells, decomposing particulate organic matter
and micro flora attached to living and non-living substrates. These food types
can be better found in Sites 2, 3 and 4 because of the presence of the coon-tail
euhydrophytes whose structural morphology is able to fulfill the requirements
for the development of the above food types. The highly divided architecture
of the coon-tail plants was good in trapping the sedimenting detritus, which
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